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(57) Abstract 

In laparoscopic surgery or the like, access is provided to an opening in a body cavity that contains insufflation gas at an insufflation 
pressure. The flow of insufflation gas from the body cavity through the opening is limited in response to the sensed insufflation pressure 
in the cavity. 
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LAPAROSCOPIC ACCESS PORT WITH CONTROLLED SEALING VALVE 

The invention relates to methods and apparatus for providing 
5 access to a body cavity of a patient during surgery. 

In some forms of surgery, such as laparoscopy, a surgeon 
operates on a patient through one or more incisions that provide 
access to a patient's body cavity. The surgeon inserts through the 

10 incisions one or a combination of surgical implements, including 
visual aid devices such as a laparoscope or endoscope, the 
surgeon's hand or hands, and surgical instruments for, e.g., 
grasping, cutting, or grinding tissue. The body cavity is inflated with 
an insufflation gas to facilitate access to one or more organs or 

15 surgical sites. 

In one aspect of the invention, there is provided an apparatus 
for providing access to an opening in a body cavity containing 
insufflation gas at an insufflation pressure, the apparatus comprising 

20 a controllable valve defining an access channel in fluid 

communication with the opening, the valve being responsive to an 
actuation signal to restrict flow of insufflation gas from the body 
cavity through the opening; a sensor for providing an output signal 
corresponding to the insufflation pressure; and a controller 

25 responsive to the output signal provided by the sensor to provide the 
actuation signal to the controllable valve. 

In this embodiment, the apparatus including a controllable 
valve provides access to an opening in a body cavity containing 
30 insufflation gas at an insufflation pressure. A controller responsive 
to a pressure sensor output signal corresponding to the insufflation 
pressure provides an actuation signal, to which the controllable 
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valve responds to restrict flow of insufflation gas from the body 
cavity through the opening. 

Embodiments of this aspect of the invention can include one 
5 or more of the following features. The controllable valve, which can 
include an inflatable annular bladder sized to fit within the opening, 
is actuated to restrict flow (e.g., by inflating the bladder) when the 
insufflation pressure is below a desired level. The bladder can have 
a conical shape, with the smaller end arranged closer to the opening 
1 0 in the body cavity than the larger end. and can also be segmented. 
The controllable valve can be an iris valve. The output signal from 
the sensor can be an electrical signal, or can be a mechanical signal 
provided by, e.g., an arm, lever, or diaphragm that moves in 
response to insufflation pressure. 

15 

In another aspect of the invention, a system for providing 
access to a body opening in a body cavity containing insufflation gas 
includes an inflatable annular bladder. The body opening can be 
accessed through the central opening defined by the annular 
20 bladder. In response to a pressure sensor output signal 

corresponding to the insufflation pressure, a controller controls a 
source of pressurized gas to provide pressurized gas to the bladder 
chamber. 

25 Embodiments of this aspect of the invention can include one 

or more of the following features. The controller controls the source 
of pressurized gas to provide pressurized gas to the bladder 
chamber when the insufflation pressure is below a predetermined 
level (e.g., as indicated by a sensor in fluid communication with the 

30 chamber). No pressurized gas is provided to the bladder when the 
insufflation pressure is above the predetermined level. 
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Another source of pressurized gas is also in selective fluid 
communication with the body cavity. The controller can control this 
source of gas to provide pressurized gas to the body cavity when 
5 the insufflation pressure is below the predetermined level, and to not 
provide pressurized gas to the body cavity when the insufflation 
pressure is above the predetermined level. 

In another aspect of the invention, access is provided to an 
1 0 opening in a body cavity that contains insufflation gas at an 
insufflation pressure. The flow of insufflation gas from the body 
cavity through the opening is limited in response to the sensed 
insufflation pressure being below a predetermined level. 

1 5 Embodiments of this aspect of the invention can include one 

or more of the following features. Flow of insufflation gas from the 
body cavity through the opening can be limited by inflating an 
inflatable annular bladder in a tube positioned in or around the 
opening, e.g., to a pressure that is a function of the insufflation 

20 pressure. The bladder is inflated, and insufflation gas is supplied to 
the body cavity, when the sensed insufflation pressure is below the 
predetermined level. The bladder is at least partially deflated when 
the sensed insufflation pressure is above the predetermined level. 
In this deflated or partially deflated state, the bladder can passively 

25 limit the flow of insufflation gas from the body cavity through the 
opening. 

In another aspect of the invention, an apparatus for providing 
access to a body opening in a body cavity containing insufflation gas 
30 includes an inflatable bladder carried in a housing. The housing has 
opposed open ends and a passageway through which one or more 
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surgical implements can be inserted. The bladder fits inside the 
housing and is configured to receive fluid at a pressure that is a 
function of the insufflation pressure. 

5 Embodiments of this aspect of the invention can include one 

or more of the following features. The bladder can be conical, 
annular, segmented, or sized to fit within the body opening. 

The invention provides a variety of advantages, including 
1 0 guarding against the loss of insufflation pressure in the body cavity 
during laparoscopic surgery or the like. The valve can be operated 
in accordance with the insufflation pressure. The valve need not be 
fully "open" or fully "closed," but rather can be operated over a range 
of values in accordance with insufflation pressure to reduce the 
1 5 degree to which the valve limits the surgeon's ability to access the 
body cavity. Insufflation pressure may be maintained even when 
implements are inserted and removed from the valve at relatively 
high frequency. 

20 Other advantages and features will become apparent from 

the following description, as well as from the claims. 

FIG. 1 is a schematic view of an insufflation system. 
FIG. 2 is a partially cross-sectional view of a valve assembly 
25 for use in the system shown in FIG. 1. 

FIG. 3 is a partially cross-sectional detail view of the system 

shown in FIG. 1. 

FIG. 4 is a graph showing bladder pressure versus 

insufflation pressure. 
30 FIG. 5 is a partially cross-sectional view of another valve 

assembly for use in the system shown in FIG. 1. 
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FIGS. 6-7 are partially cross-sectional detail views of 
insufflation systems. 



As shown in FIG. 1, an insufflation system 10 is used to 

5 insufflate a body cavity 1 1 in the area of an incision 13 in a patient 
12. The system 10 includes a valve assembly 14, a valve pump 16, 
a controller 18, an insufflation pump 20, and an insufflation needle 
22. The controller 18 controls the valve pump 16 to provide 
pressurized air to the valve assembly 14, as described in detail 

10 below. The controller 18 also controls the insufflation pump 20 to 
regulate the insufflation pressure in the body cavity 11. The 
insufflation pump 20 (e.g., a Dyonics Laparoscopic Insufflator Model 
No. 7205362) can supply pressures sufficient to insufflate the body 
cavity 11. For example, the insufflation pump 20 can inflate the 

1 5 body cavity 1 1 to approximately 50 mm Hg (2 in. Hg), while a typical 
insufflation pressure is 15 mm Hg (0.6 in. Hg). A signal representing 
the insufflation pressure is provided by an insufflation pressure 
sensor 72 and sent to the controller 18. The controller 18 can be 
any device capable of sending control signals to control the 

20 insufflation pump 20 and the valve pump 16, e.g., a personal 

computer or a dedicated microprocessor and associated circuitry. 
Typically, the controller 18 is programmed using software, hardware, 
firmware, hardwiring, or a combination of any of these. A surgeon 
can access the body cavity 11 through the valve assembly 14, e.g., 

25 to insert an implement into the cavity. 

As shown in FIG. 2, the valve assembly 14 includes a bladder 
23 carried in a rigid tube 24 attached to a sleeve 38. The sleeve 38 
is flexible and sized to fit over the surgeon's forearm. The proximal 
30 end 42 of the sleeve 38 includes, for example, a hook and loop 
fastener strap that can be secured around the surgeon's arm to 
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guard against loss of insufflation gas. The sleeve 38 connects to a 
sleeve coupling 40 that releasably connects to the tube 24 using a 
releasable coupling such as disclosed in U.S. Patent No. 5,653,705 
(issued August 5. 1997 to De La Torre) incorporated by reference 
5 herein. A circular inside surface 26 of the tube 24 forms a seal, 
preferably air-tight, with an outer perimeter 25 of the bladder 23. 
The bladder 23 fits snugly within, and is bonded to, the tube 24. 
The bladder 23 can be sealed to the tube 24 by. e.g.. an adhesive, 
heat welding, or inflating the bladder 23 to expand and conform it to 
the inside surface 26 of the tube 24 with an interference fit Also, 
the bladder 23 can be carried by a rigid or semi-rigid member that is 
slid into the tube 24 and mounted at an appropriate location. The 
bladder-and-member assembly can be removed, e.g.. for 
replacement when it becomes worn or soiled. 
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The tube 24 is sized to allow access to the body cavity 1 1 
(FIG. 1 ) through an opening 28 defined by the bladder 23 along the 
direction indicated by arrows 30. For example, the tube 24 can be 
sized to allow insertion of the surgeon's hand and/or forearm 
20 through the opening 28. in which case the inside surface 26 can 
have a diameter on the order of 100 mm (4 in.). For inserting 
smaller implements such as endoscopes or surgical instruments, the 
tube can be smaller, e.g.. with an inside diameter on the order of 5- 
10 mm (0.2-0.4 in.). 



25 



The tube 24 has a distal section adapted to be mounted to 
the patient 12. As shown, the distal section includes a flange 44 
that can be mounted directly to the patient using an adhesive, by 
suturing, or by other appropriate means. 



30 



WO 99/29250 PCT/US98/25844 

7 

The bladder 23 is inflatable, conical and annular. The 
bladder 23 is preferably flexible enough that an inner surface of the 
bladder 23 conforms to the periphery of the implement, yet is 
durable enough to resist puncture or rupture in normal use. For 
5 example, the bladder 23 can be made of a flexible polymer, such as 
polypropylene or latex. The maximum intended operating pressure 
of the bladder 23 depends on a variety of factors such as the 
bladder material, the amount that the surgeon needs to manipulate 
the implement inside the opening 28, and the bladder's shape. The 

10 conical shape of the bladder 23 allows it to conform, either actively 
under control of the controller 18 or passively due to, e.g., the 
insufflation pressure, to the implement. The conical shape also 
facilitates insertion of implements through the opening 28, while 
guarding against the bladder 23 turning upwards, and thus allowing 

15 insufflation gas in the body cavity 1 1 to escape, when the surgeon 
removes the implement Either or both the bladder 23 and the 
implement can be lubricated to facilitate insertion and removal of the 
implement 

20 The valve pump 16 (e.g., an ACI Medical Model No. 025.20- 

12) is connected to the bladder 23 by a valve pump gas line 52. 
The bladder 23 conforms to the implement as the valve pump 
pressurizes the bladder 23. The valve pump 16 can pressurize the 
bladder 23, e.g., up to 200 mm Hg, and can release gas from the 

25 bladder 23 to reduce the pressure in the bladder 23 to as low as 0 
mm Hg. The pressure in the bladder 23 is monitored by a bladder 
pressure sensor 74, in the valve pump 16, that sends a signal 
representative of the bladder pressure to the controller 18. If the 
bladder pressure exceeds the maximum desired pressure for the 

30 bladder 23, then the valve pump 1 6, either on its own or under 
direction of the controller, can shut off, reduce output, or provide 
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either or both of a visual or audio warning. The valve pump 16 also 
has a manual shutoff switch 70. The valve pump 16 can be a 
multichannel pump as shown in FIG. 3. 

5 As shown in FIG. 3, if the valve pump 1 6 is a multichannel 

pump (i.e.. it can provide multiple independent pressures to, and 
sense multiple independent pressures in. multiple valves), then two 
valve assemblies 14a. 14b similar to valve assembly 14 can be used 
together in a surgical procedure. Alternatively, separate valve 
10 pumps16,oneforeachvaN-e.canbeused. Signals representing 
bladder pressures are provided by bladder pressure sensors 74a. 
74b to the controller 18. Thevalve 14a is sized for insertion of the 
surgeon's hand (not shown) and the valve 14b is sized to receive an 
implement such as a surgical instrument or a visual aid device (not 
15 shown). 

In a surgical procedure, the valve assemblies 14a. 14b are 
attached to the patient 12 so that they are sealed in or around the 
incision 13. For instance, the valve assembly 14a is attached 
20 around the incision 13 and the valve assembly 14b is inserted 

through a body wall 50 of the patient 12 directly into the body cavrty 
11 The valve pump 16 is connected to the bladders 23a. 23b 
through respective valve pump gas lines 52a. 52b. The insufflation 
needle 22 is inserted through the body wall 50. and an insufflation 
25 pump gas line 54 connects the insufflation needle 22 to the 

insufflation pump 20. The valve pump gas lines 52a. 52b and the 
insufflation pump gas line 54 are preferably flexible, and made of a 
material that can withstand the pressures encountered during use. 
Electrical lines 56 and 58 connect the controller 18 to the valve 
30 pump 16 and the insufflation pump 20. respectively, and provide bi- 
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directional communication between the pumps and the controller 1 8 
for the pressure and control signals. 

During the procedure, the controller 18 actively controls the 
5 insufflation pump 20 and the valve pump 1 6 to maintain sufficient 
insufflation pressure inside the body cavity 11. Insufflation pressure 
may drop due to, among other things, leaks in or around the 
insufflation needle 22. the tubes 24a, 24b, or in the openings 28a. 
28b. Insufflation gas can also escape when the endoscope is 
10 removed, e.g., to dean off condensation or body fluids. The 
controller 18 can control the valves to allow insufflation gas to 
escape from the body cavity 1 1 . 

Referring to FIG. 4, when the insufflation pressure is at or 
above a desired insufflation pressure IP,, the bladders in the valves 
1 5 are pressurized to BP,, typically 1-2 mm Hg (0.04-0.08 in. Hg), with 
the valve pump 16 releasing gas from the bladder 23 as necessary. 
Should the insufflation pressure drop below IP,, the controller 18 
signals the valve pump 16 to pressurize the bladders and the 
insufflation pump 20 to pressurize the cavity. As the insufflation 
20 pressure drops below the desired pressure IP,, the valve pump 16 
linearly increases the bladder pressures until the maximum bladder 
pressure BP™, is reached. Insufflation gas is supplied as 
necessary to the body cavity. The surgeon can also adjust the 
bladder pressure, e.g., so that he can more easily manipulate the 

25 implement 

Other embodiments are within the scope of the claims. 
For example, FIG. 5 shows an alternative valve assembly 76 
including a sectional bladder 78 that has several triangular-shaped 
bladder segments or wedges 34. The bladder segments 34 may be 
30 fed by a single valve pump line 36 from the valve pump 1 6. 

Alternatively, the sectional bladder 78 may be a single piece with an 
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undivided peripheral portion and a segmented centra, portion. Other 
bladder segment shapes could instead be used, such as rectangles 
or wedges with flattened or concave ends, as opposed to po.nted 
ends Also, the perimeter 79 of the sectional bladder 78 (or the 
5 perimeter 25 of the bladder 23) may be elliptical, rectangular, or 
square, with the inside surface 26 of the tube 24 having a simrtar 
shape. 

The bladder 23 does not have to be annular. For example. 
10 the bladder can be a spherical balloon with no opening, carried on 
one side of the inner wall of the tube 24. As the bladder inflates. * 
presses the surgical implement against the opposite wall, and forms 
a seal around it 

Regardless of shape or configuration, the bladder 23 can be 
inflated wrth. and the varve pump 16 can suppty. any fluid capable of 
pressurizing the bladder, such as a liquid (e.g.. saline). 

The tube 24 and sleeve coupling 40 can take a variety of 
forms. The tube 24 can be flexible or semWgid. Aflor partof the 
tube 24 can be pleated, giving the tube an accordion shape. The 
distal section of the tube 24 can include a threaded end 46 to be 
screwed into a mating coupling or other device (not shown) that 
seals to the patient 12 in or around the incision 13 (FIG. 1). The 
sleeve coupling 40 can be adapted to have the sleeve 38 clipped, 
snapped, or tied to the sleeve coupling 40. 

The relationship between insufflation pressure and bladder 
pressure does not have to be the linear relationship shown in FIG. 4. 
For example, the bladder pressure could be a step response as a 
function of the insufflation pressure, rising quickly from BP, to the 
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maximum bladder pressure when the insufflation pressure drops 
below IP,. 

FIG. 6 illustrates another embodiment of a valve assembly 80 
5 that can be used at or near the incision 1 3. A sealing device 60 
retracts the incision 13 and supports a bladder 82. which can be 
similar to the bladder 23 of FIG. 2 or the sectional bladder 78 of FIG. 
5. The sealing device 60 can be an inflatable annular bladder, or 
can be rigid. The tube 24 (FIGS. 2, 5) can be configured to include 
10 the sealing device 60. 

FIG. 7 illustrates another embodiment of a valve assembly 
84, in which an iris shutter 86 can be used to close off a tube 88. A 
lower ring 66 is fixedly attached to the tube 88. A motor 62 actuates 
an upper ring 64 of the iris shutter 86, causing a flexible sheath 68 
1 5 to twist and conform to the implement. While the iris shutter 86 is 
shown as being displaced a distance away from the patient 12, the 
iris shutter 86 may also be used at the level of the incision 13. 
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1 . An apparatus for providing access to an opening in a body 
cavity containing insufflation gas at an insufflation pressure, the 
5 apparatus comprising: 

a controllable valve defining an access channel in fluid 
communication with the opening, the valve being responsive to an 
actuation signal to restrict flow of insufflation gas from the body 
cavity through the opening; 
10 a sensor for providing an output signal corresponding to the 

insufflation pressure; and 

a controller responsive to the output signal provided by the 
sensor to provide the actuation signal to the controllable valve. 

1 5 2. The device of claim 1 wherein the controller produces the 
actuation signal if the output signal is indicative of an insufflation 
pressure below a desired insufflation pressure. 

3. The device of claim 1 wherein the controllable valve 
20 comprises an inflatable bladder. 

4. The device of claim 3 wherein the inflatable bladder is 
annular. 



25 5. The device of claim 4 wherein the inflatable annular bladder 
has a conical shape. 

6. The device of claim 4 wherein the inflatable annular bladder is 
segmented. 



30 



WO 99/29250 PCT7US98/25844 

13 

7. The device of claim 4 wherein the annular bladder is sized to 
fit within the opening. 

8. The device of claim 1 wherein the controllable valve 
5 comprises an iris valve. 

9. The device of claim 1 wherein the output signal is electrical. 

1 0. A system for providing access to an opening in an area of a 
10 body cavity containing insufflation gas at an insufflation pressure, 

the apparatus comprising: 

an inflatable annular bladder defining a chamber and a 
bladder opening through which the body opening can be accessed; 

a first source of pressurized gas in selective fluid 
1 5 communication with the chamber, 

an insufflation pressure sensor for providing an output signal 
corresponding to the insufflation pressure; and 

a controller responsive to the output signal provided by the 
insufflation pressure sensor for providing a first control signal to 
20 control the first source to provide pressurized gas to the chamber. 

1 1 . The system of claim 1 0 wherein the controller provides the 
first control signal if the output signal indicates an insufflation 
pressure below a predetermined insufflation pressure. 

25 

1 2. The system of claim 1 0 wherein the controller does not 
provide the first control signal if the output signal indicate an 
insufflation pressure above a predetermined pressure. 
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13 The system of claim 10 further comprising a second source of 
pressurized gas in selective fluid communication with the body 
cavity, wherein the controller is responsive to the output signal 
provided by the insufflation pressure sensor for providing a second 
5 control sign, to control the second source to prov.e pressured 
gas to the body cavity if the output signal indicates an msufflabon 
pressure below a predetermined insufflation pressure. 

14 The system of claim 10 further comprising a second source of 
1 o pressurized gas in selective flu* communication with the body 
cavity wherein the controller « responsK/e to the output s>gnal 
provided by the insufflation pressure sensor to provide a second 
control signal to control the second source not to provide 
pressured gas to the body cavKy If the output sfcna. indicates an 
15 Lufflatton pressure above a predetermined insufflation pressure. 

15 The system of claim 10 further comprising: 

a chamber pressure sensor for providing a chamber pressure 
s*na, corresponding to a pressure in the chamber of the bladder; 
20 anindicatorresponsivetotheoutouts^na.ofthe.nsufflaton 

indication that the chamber pressure has reached a P redeterm,ned 
chamber pressure while the insufflation pressure is below a 
predetermined insufflation pressure. 
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16. A method comprising: 

providing access to an opening in a body cavity containing 
insufflation gas at an insufflation pressure; 

sensing the insufflation pressure; and 
5 ' limiting flow of insufflation gas from the body cavity through 

the opening in response to the sensed insufflation pressure being 
below a predetermined level. 

1 7. The method of claim 1 6 further comprising facilitating flow of 
1 0 insufflation gas from the body cavity through the opening in 

response to the insufflation pressure being above the predetermined 
level. 

1 8. The method of claim 1 6 further comprising the step of 

1 5 passively limiting the insufflation gas flow from the body cavity 
through the opening. 

19. The method of claim 16 wherein the limiting step comprises 
inflating an inflatable annular bladder. 

20 

20. The method of claim 1 9 wherein the inflating step comprises 
inflating the bladder such that a pressure inside the bladder is a 
function of the insufflation pressure. 

25 21 . The method of claim 1 9 further comprising at least partially 
deflating the bladder in response to the sensed insufflation pressure 
being above the predetermined level. 

22. The method of claim 1 6 further comprising the step of 
30 supplying insufflation gas to the body cavity in response to the 
sensed insufflation pressure being below the predetermined level. 
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23. An apparatus for providing access to a body opening in a 
body cavity containing insufflation gas at an insufflation pressure, 
the apparatus comprising: 
5 a housing defining a passageway sized and configured to 

receive one or more surgical implements, the housing having open 
opposed first and second ends; and 

an inflatable bladder carried inside the housing intermediate 
the opposed first and second ends, the inflatable bladder being 
10 configured to receive fluid under pressure, wherein the pressure of 
the received fluid is a function of the insufflation pressure. 

24. The apparatus of claim 23 wherein the bladder is annular and 
defines a bladder opening through which the body opening can be 
15 accessed. 



25. The apparatus of claim 24 wherein the bladder has a conical 
shape. 



20 26. The apparatus of claim 23 wherein the bladder is 



segmented. 



27. The apparatus of claim 23 wherein the bladder is sized to fit 
within the body opening. 



t 
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